INTRODUCTION
Centella asiatica L. Urban or commonly known as gotu kola is a medicinal plant that has been used for hundreds of years. The main content of gotu kola leaves extract is triterpenoid saponin which is commonly referred to centelloids, namely asiaticoside, madecassosid, asiatic acid, and the madecassic acid. 1 Asiaticoside is a saponin compound isolated from gotu kola, has been proven to increase the synthesis of type 1 collagen in dermal fibroblasts cells through activation of TGF-β. 2 Asiaticoside can be used as a functional ingredient in anti-aging cosmetics. 3 Asiaticoside has a large molecular weight (959.12) therefore it would be difficult to penetrate through the skin. 4, 5, 6 To give a functional effect in anti-aging cosmetic, it needs a carrier, transfersomes which can penetrate through the skin barrier of stratum corneum. 7 Transfersome is the improvement of liposomes and recognized more effective in delivering active substances through the skin compared to liposomes, because of its flexible ability to be deformed when passing through small pores in the skin, which is advantageous in increasing the absorption of active ingredient. 7, 8 Transfersome formulation can be applied into a semisolid dosage form, in this case gel formulation was chosen because it has a high-water content so it can hydrate the skin and easily spreads when applied. 9, 10 The aims of this study were to prepare and to characterize transfersomes of gotu kola leaves extract and formulated transfersomes into gel, compared to control gel. The gels were evaluated for entrapment efficiency, particles morphology, particles size, polydispersity index, zeta potential, deformability index, and penetration study using Franz diffusion cells.
Thin layer chromatography (TLC) densitometry was used to analyze the level of active substances contained in the extract.
MATERIALS AND METHODS

Materials
and after filtration. The degree of deformability was calculated using the following formula:
where, D is the deformability of vesicle membrane, J is the amount of suspension passed in 5 min, rv is the size of vesicle (after passed) and rp is the pore size of the barrier.
Gel Formulation
The composition of gel formulation containing gotu kola leaves extract was described at Table 2 . Gel preparation was start by dispersing Carbopol 940 into a distilled water then kept it for 24 h. Then, the Carbopol gel base was homogenized using a homogenizer at 1500 rpm until the Carbopol base gel formed. Then, triethanolamine and propylene glycol was added into the gel base. Once the gel formed, the suspension of transfersomes was added into F1 and gotu kola leaves extract solution was added to F2. Both gels were homogenized using a homogenizer at stirring speed of 500 rpm for 15 min and the gels were evaluated for organoleptic, homogeneity, pH measurement, and viscosity and rheology.
In vitro Penetration Test 18, 19 The membrane used was the abdominal skin of female Sprague Dawley rats aged 8-10 weeks with the weight of ± 200 gs. The test was performed using Franz diffusion cells with the diffusion area of 2.0096 cm 2 and the volume of compartment was 15 mL. The receptor compartment filled with a mixture of 70% ethanol solution and phosphate buffer saline at pH 7.4 which kept in the temperature about 37 ± 0.5°C and stirred with a magnetic stirrer at a speed of 250 rpm. After that, the abdominal skin of mice was placed between the donor compartment with the receptor compartment to the position of the stratum corneum facing upwards. A sample of 2 g was applied to the skin surface with an area of diffusion was 2.0096 cm 2 . The experiment lasted for 24 h. The amount of asiaticoside penetrated through the membrane was determined by TLC densitometry.
RESULTS
Determination of Asiaticoside Levels in Gotu Kola Leaves Extract by Thin Layer Chromatography (TLC) Densitometry
In this research, the amount of asiaticoside contained in gotu kola leaves extract was measured using Thin Layer Chromatography Densitometry. The results showed that the asiaticoside concentration in the gotu kola leaves extract was 23.14 ± 0.41%.
Transfersomes Characterization
Determination of Entrapment Efficiency
Entrapment efficiency was determined by separating the unentrapped drug using centrifugation method. From the calculation of the entrapment efficiency it was obtained an average percentage of entrapment for the F1, F2 and F3 were 85.80 ± 0.22%; 56.90 ± 0.77%; and 41.67 ± 0.32%, respectively. The absolute value of the extract entrapped in transfersomes of F1, F2 and F3, which were 278 ± 0.73 mg; 307.39 ± 4.17 mg; and 315.33 ± 2.47 mg.
plates of silica gel F 254 and put into the mobile phase mixture of chloroform-methanol-water 60: 25: 4 (v/v) until the mobile phase front was 1 cm from the edge of the plate, then it was sprayed with reagent Liebermann-Burchard, heated at 100 o C for 10 min. The plates that spotted then immediately analyzed using TLC scanner at optimum wavelengths of 506 nm.
11,12,13
Transfersomes formulation
The transfersomes of gotu kola leaves extract were prepared by thin layer hydration method and the trasfersomes composition is showed at Table 1 . Phospholipid was dissolved in dichloromethane and put in a round bottom flask. Then the solution was evaporated using a rotary evaporator vacuum in that round bottom flask with a temperature of 37±2°C. The initial velocity used was 50 rotations per min (rpm) then it was increase to 25 rpm every 2 min until reached 150 rpm. Once all the solvent evaporates and formed a thin layer on the inner wall of the flask, nitrogen gas was flowed. Thin layer formed was then stored for 24 h in the refrigerator. After the thin layer was formed, the hydration process was then performed using a mixture of gotu kola leaves extract, Tween 80, and phosphate buffer saline pH 7.4 until all the thin layer was peeled off using the glass beads. Hydration process was carried out at the temperature of 37 ± 2°C, 100 rpm for 30 min and without the vacuum condition. After the thin layer was fully hydrated, the transfersomes suspension were collected in vial then the particle size of the vesicle was reduced by ultrasonification for 5 min with the amplitude of 25. Then the transfersomes suspension was stored in a refrigerator.
14,15
Characterization of transfersomes
Entrapment efficiency
The entrapment efficiency was determined as the percentage entrapment of the drug added, by separating the unentrapped drug using centrifugation method. Transfersomes of gotu kola leaves extract was taken as much as 1.0 mL and centrifuged at 13.000 rpm for 2 times for 1 hour each. Transfersomes will separate into a precipitate and supernatant. The supernatant was discarded, the precipitate was collected, and then disrupted using methanol Then, the entrapment efficiency was expressed as: 17 = × Experimental asiaticoside content % Entrapment of efficiency 100% Theoritical asiaticoside content
Transfersomes morphology
The transfersomes morphology was observed by using Transmission Electron Microscope (TEM). The sample was stained by placing a drop of transfersomes suspension on a carbon coated grid. Then, a drop of 1% phosphotungstic acid was placed on the grid. The excess was removed, and the samples were examined by TEM at 20 and 25 kV. 15 Particle size distribution and zeta potential characterization Particle size distribution and zeta potential can be determined using particle size analyzer (PSA) with dynamic light scattering (DLS) method. A drop of sample was dissolved in 10 mL of phosphate buffer saline at pH 7.4 then, size measurement was done by using Malvern particle size analyzer instrument. 16 Degree of deformability Deformability index was measured by extrusion. Transfersome suspension was passed through a 100 nm sized polycarbonate membrane. The amount of transfersomes suspension was extruded for five min, then the vesicle size was measured using dynamic light scattering method before
Transfersom Morphology Vesicle
The vesicles morphology of transfersomes was observed using Transmission Electron Microscopy (TEM). The transfersome micrograph is shown at Figure 2, all formula (F1, F2, F3 ) of the gotu kola leaves extract transfersomes resulted the spherical transfersomes without pores.
Particle Size Distribution, Polydispersity Index and Zeta Potential
In this study, particle size distribution and zeta potential were analyzed by particle size analyzer with the method of Dynamic Light Scattering (DLS). Figure 1 showed the particle size distribution of the transfersomes of gotu kola leaves extract, and the measurement of the transfersomes particle size was showed at Table 3 in the specifications of D v 10, D v 50, D v 90, and D v mean. DLS can determine particle size which followed by the value of polydispersity index (PDI). Polydispersity index value of F1, F2, F3 transfersomes was 0.125 ± 0.008, 0.256 ± 0.053, and 1.000 ± 0,000, respectively. The measurement of zeta potential was done using the same tools on the transfersomes suspension. The results showed that the value of zeta potential of F1, F2 and F3 transfersomes were -36.3 mV ± 0.30, -32,2±1.32 mV and -20.63 mV ± 0.40, respectively. Table 4 displays the value of PDI and zeta potential of the transfersomes.
Deformability Index Test
Deformability index was used to test the flexibility of transfersom. 16 The results of the deformability index measurement were shown at Table 4 . It shows that F1 has the lowest deformability index. 
In vitro Penetration Test
DISCUSSION
In this study, the transfersomes of gotu kola leaves extract were prepared by thin layer hydration method. Then, the entrapment efficiency is determined as the percentage entrapment of the drug entrapped. Among the other formulas, F1 showed the highest value of entrapment efficiency (85%), since F1 was produced with the highest ratio of lipid (13x).
Besides that, the rest of the extract was not entrapped, it presumably because the rest of the extract was degraded during the manufacturing process or analyzes process. But there is no supporting data to prove it because the concentration of extract that is not entrapped are not calculated. On the other hand, F3 transfersomes, which were the smallest ratio of lipid (5.7x), had the lowest value of entrapment efficiency. It suggests that the extract cannot be fully entrapped, since the transfersomes was lack of the former lipid. The particle size was an important parameter in the preparation of nanoparticles, such transfersomes. Parameter of particle size distribution measurement used were dv or diameter based on volume, because it can describe heterogeneity of particle size of the sample. 20 Figure 1 displays the particle size distribution curves of the microcapsules formulas. The results of the measurement of particle size distribution of all formulas shows the sequence from the smallest particle size was F1 < F2 < F3 < F4 (Table 3) . It reveals that F1 transfersomes have the smallest D v 90, which is 204.3 nm. It suggests that the concentration of gotu kola leaves extract in the transfersomes affected the particle size, the higher the concentration of gotu kola leaves extract, the bigger the transfersome particle size. Moreover, DLS can determine PDI value, which is range from 0 to 0.6. If the value of PDI > 0.6 indicates that the sample has a very broad size distribution. The smaller value of PDI (near zero) illustrating that the size of distribution is more homogeneous particle size distribution. 22 It can be seen in Table 3 and Table 4 that PDI of each formula increases with increasing particle size. The highest polydispersity index value of F3 was caused by the large particles which were prone to aggregation. 20 In addition to particle size distribution and polydispersity index (PDI), the measurement of zeta potential was done using the same tools on the transfersomes suspension. Zeta potential is a measure of the magnitude of the electrostatic potential or repulsive force among the same electrical charge of particles in suspension. Zeta potential is an important parameter to describe the stability of the dispersion system. Zeta potential can give an idea that particles in suspension undergo aggregation or flocculation. 21 A sample can be said to be stable if it has a value of zeta potential is more positive than of +30 mV or more negative than -30 mV. The results revealed that the F1 and F2 transfersomes were more stable than the F3, because their zeta potential is more than 30 mV. Negative value of zeta potential might be getting from the lipid composition in the formula. Phosphatidylcholine is a zwitterionic compound with the isoelectric point between 6 and 7. During the process of formulation phosphate buffer saline at pH 7.4 was used as the hydrating medium, where the pH was a little bit higher than the isoelectric point of phosphatidylcholine, causing phosphatidylcholine carried a negative charge. 22 Deformability index is unique and important parameter in transfersomes preparation. These parameters that distinguish transfersomes with another vesicle systems. Deformability index was used to examine the flexibility of transfersom. 16 The result shows that F1 transfersomes has the lowest deformability index. However, these results did not show any significant value because of the membrane pore size that is used does not vary much with particle sizes in the tested suspension. Deformability index value is influenced by the concentration of phospholipid and surfactant used. The use of excessive surfactant can lower deformability index value as it can lead to the formation of micelles. The larger the index value of deformability, then the transfersomes will be more flexible and allows transfersomes to penetrate through the skin pores smaller than the size transfersomes itself. 14 Based on the characterization results of transfersomes that has been done, we can determine the best transfersomes formulation chosen for further formulated into a gel formulation. Formula selected was a formula with the highest percentage of drug entrapped, had spherical morphology, the value of polydispersity index was close to 0 and had the value of zeta potential which more positive than +30 mV or more negative than -30 mV. Based on the summary results shown in the Table 4 , F1 transfersomes was chosen because it had a spherical shape, the highest percentage of drug entrapped (85.80 ± 0.22%), polydispersity index of 0.125 ± 0.008, zeta potential value of -36.3 ± 0.30 mV, D v 90 particle size of 204.3 nm,
